Introduction
The bacterium Salmonella Enteritidis has been associated with disease in broiler breeding stock by vertical transmission to progeny (25) . Certain strains of Salmonella Enteritidis have been invasive in young chicks, resulting in high mortality in broiler flocks (2, 21) . Consumption of eggs or broiler meat contaminated with S. Enteritidis has led to several major outbreaks of food-borne disease in humans over the last few years and to increased awareness of poultry industry and public health agencies to the high risk of infection by S. Enteritidis (12, 29) . In the United States of America (USA), S. Enteritidis has emerged as the major aetiological agent of human salmonellosis resulting in two to four million cases each year (13) .
Different markers have been used to study the relationship between S. Enteritidis strains recovered during epidemiological investigations of salmonellosis outbreaks in chickens and humans (3, 8, 27) . Phenotypic markers included antimicrobial susceptibility testing (27) , serotyping (3), colicin typing (38) , and phage typing (4, 40) . Some workers supplemented identification of the phenotypic markers in S. Enteritidis strains by plasmid profiling analysis (9, 33) , leading to better establishment of a 'cause and effect' relationship (30) .
It has been shown that the presence of high molecular weight (HMW) plasmids (approximately 50 kilobases [kb] or 36 megadaltons) in S. Enteritidis organisms leads to higher expression of virulence manifested in the systematic invasiveness of such strains . (19, 20, 22, 26) . Thus, identification of the presence of virulence associated-HMW (VA-HMW) plasmids in S. Enteritidis strains is becoming an indispensable task in investigations and evaluation of future control programmes of severe S. Enteritidis outbreaks in poultry, with the aim of reducing the transmission of such organisms to humans.
Research has recently focused on the development of microbiological prophylactic strategies in an attempt to prevent or control intestinal and tissue colonisation in chickens by invasive S. Enteritidis strains (35, 39) . This approach, known as the 'Nurmi concept' or 'competitive exclusion' (28) , has opened new horizons for the control of Salmonella in poultry (36) .
The aim of the present study is to investigate the first emergence of invasive S. Enteritidis outbreaks on major broiler chicken farms in the Lebanon. Epidemiological markers of selected S. Enteritidis strains recovered from broilers and broiler breeders are identified, including drug resistance and plasmid profile. In addition, a competitive exclusion approach is evaluated in an attempt to reduce infectivity in broilers by the most prevalent S. Enteritidis strain with predominant epidemiological markers.
Materials and methods

Investigation of Salmonella Enteritidis outbreaks
Eleven broiler chicken farms were included in an investigation of severe salmonellosis outbreaks occurring between the ages of eight and fifteen days. Mortality and clinical signs were recorded during the visits to the eleven farms.
The average size of the flocks investigated on the eleven broiler farms was approximately 7,000 birds. Ten dead birds were randomly selected from each flock for autopsy, recording of lesions, and culturing for Salmonella isolation. The culturing was performed on the livers, spleens and caeca of the selected broilers. Four broiler breeder flocks, the source of day-old chicks to the eleven broiler farms, were also included in this investigation. Salmonella culture was attempted from livers, spleens, caeca and oviducts of ten individual breeders selected randomly from emaciated and weak parents in each of the four breeder flocks.
Salmonella isolation and typing
Culturing for Salmonella isolation was performed according to the methods described by the American Association of Avian Pathologists (AAAP) (1) . Briefly, livers, spleens and caeca were each cut aseptically to an approximate weight of 1 g and cultured on tetrathionate broth for 24 h at 37°C. Oviducts of breeders were swabbed from inside to a distance of approximately 5 cm, using a sterile cotton swab, and then cultured similarly. Subculture from the tetrathionate broth was performed using a sterile loop on brilliant green agar plates. Colonies suspected of being infected with Salmonella were subcultured on triple sugar iron (TSI) agar slants and urea agar plates for 24 h at 37°C. Salmonella typing was performed on cultures with alkaline slants and acid bottoms producing H 2 S in TSI and with absence of urease production, using specific antisera. Cultures identified with typical somatic and flagellar antigens conforming with S. Enteritidis included in the Kauffman-White scheme for Salmonella serotypes (17) , were subjected to antimicrobial susceptibility testing, to determine the drug-resistance pattern.
Drug resistance pattern
The single disc diffusion method was used to determine the antimicrobial susceptibility of the confirmed S. Enteritidis strains (7) . S. Enteritidis strains were each grown on brain heart infusion broth for a period of 6 h to 8 h at 37°C, and the density of the cells was adjusted by sterile saline to match the turbidity of 0.005% barium chloride in 0.36 N H 2 S0 4 . The adjusted culture was spread on Muller-Hinton agar plates using sterile cotton swabs, and eight antimicrobial discs, each with a potency of 30 µg per disc, were applied on the Muller-Hinton plates for 24 h at 37°C. The antimicrobial agents with their bracketed codes were as follows: amoxicillin (Amo), ampicillin (Amp), chloramphenicol (Chl), ciprofloxacin (Cip), colistine sulphate-doxycycline (Col), enrofloxacin (Enr), furaltadone (Fur) and gentamycin (Gm).
Isolates with an inhibition zone diameter greater than or equal to 20 mm were considered sensitive to the antimicrobial agents, while those with zones of 0 mm diameter were considered resistant.
Plasmid isolation and profiling
Strains of S. Enteritidis recovered from broiler chickens which showed the same drug-resistance pattern were put in the same category. Approximately 10% of S. Enteritidis strains were randomly selected from each category for gel electrophoresis of their plasmid(s); however, all the S. Enteritidis strains recovered from broiler breeders were subjected to plasmid analysis, due to their limited number (Table I) . Plasmid isolation was performed in accordance with a procedure described by Dorn et al., with minor modifications (16) . In brief, the S. Enteritidis cells were lysed by 5 mg/ml of TGE buffer (25 mM Tris, 50 mM glucose, 10 mM EDTA [ethylenediamine tetra-acetic acid], pH 8) at 37°C for 15 min, followed by treatment with sodium dodecyl sulphate (1%) in 0.2 M NaOH. The cells were treated with 3 M of sodium acetate (pH 4.8) prior to centrifugation at 12,000 g. The plasmid DNA was extracted from the supernatant by a phenol-choloroform mixture (1:2 v/v) and then precipitated by absolute ethanol at -20°C. The pelleted plasmid was resuspended in 30 µl of TE buffer (10 mM Tris, 1 mM EDTA, pH 8) supplemented with 5 µl of RNAase (1 mg/ml). Plasmid profiles were established by electrophoretic analysis on 0.6% agarose gels in TBE buffer (89 mM Tris base, 89 mM boric acid and 2.5 mM EDTA). The reference plasmid markers used were bacteriophage lambda DNA, single cut mixture of 1.1-48.5 kb range, and lambda DNA Hind III digest of 0.123 kb-23.1 kb. A standard curve was developed using molecular weights of the reference plasmid markers and the distance each migrated in the gel. The molecular weight of each plasmid in S. Enteritidis strains was observed in relation to lambda DNA markers and under the protocol conditions of this procedure.
Competitive exclusion study
One hundred and sixty day-old broiler chicks of the same breeder flock, which were free of S. Enteritidis, were included in this study. Eighty day-old birds were treated by spraying with a microflora claimed by the manufacturer to compete against Salmonella infection in poultry (28) . The competitive exclusion microflora (CEM) was administered according to the instructions supplied by the manufacturer. The remaining 80 birds were left as untreated controls. The 80 CEM-treated birds were distributed evenly in two separate isolation rooms, and the untreated birds were treated similarly. At three days of age, all birds were challenged with the most prevalent S. Enteritidis strain recovered from a liver of one of the investigated broilers, one which had the most frequent plasmid profile of 14.1 and ~50 kb, and a predominant drug-resistance pattern of Fur-Gm. The challenge was colony-forming units (cfu)/ml. In each of the two treatments, the mortality in birds up to 45 days of age was recorded. Individual rectal swabs were collected for the culturing of Salmonella at 7, 10, 17 and 24 days of age, using the AAAP procedure described previously (1) . At 45 days of age, spleens, livers and caeca of 32 birds per treatment, were cultured individually for Salmonella isolation as described previously.
Statistical analysis
The X 2 test was used to compare mortalities and frequencies of birds with S. Enteritidis infection in CEM-treated versus untreated birds, using a computerised statistical program called 'M. Stat' from Michigan State University in East Lansing.
Results
Salmonella Enteritidis outbreaks and epidemiological markers
The average cumulative mortality percentage in the eleven investigated broiler flocks, during the period from 8 to 15 days of age, was 4%. The predominant signs in the eleven flocks included somnolence, profuse diarrhoea followed by dehydration, pasting vents, drooping wings, shivering and huddling near the gas heaters. Table I shows the recovery of S. Enteritidis organisms from birds in the eleven investigated farms, with maximum recovery from the caecum (51.8%), followed by the spleen (30%) and liver (20%). The same Table displays the most common drug resistance pattern (Fur-Gm) present in 93 of 110 (84.5%) S. Enteritidis strains recovered from broilers on nine of the eleven farms investigated. The same drug resistance pattern was present in all S. Enteritidis strains recovered from oviducts of breeders present on one of the four breeder farms investigated. All S. Enteritidis strains recovered from broilers and breeders with this common drug resistance pattern (Fur-Gm) also had the same plasmid profile of 14.1 and ~ 50 kb as shown in Table I . Two other drug resistance patterns of similar low prevalence in S. Enteritidis strains recovered from broilers were Col-Fur-Gm (9 out of 110 strains, i.e. 8.2%) and Fur (10 out of 110 strains, i.e. 9.1%). Such drug resistance patterns were not encountered in S. Enteritidis strains recovered from breeders. In addition, this difference in drug resistance pattern was associated with a difference in plasmid profile (Table I) .
Competitive exclusion study
The cumulative mortality up to 45 days of age in the CEM-treated and challenged broilers was 5.04% in comparison to the untreated challenged birds (8.97%) ( Table II) . The anal shedding of S. Enteritidis organisms at 7 and 10 days of age was similar in both treatments. However, the shedding of S. Enteritidis organisms was significantly reduced in the CEM-treated birds in comparison to untreated challenged birds at 17 days of age (18.18% versus 36% respectively, P < 0.05) and at 24 days of age (16.88% versus 35.16% respectively, P < 0.05). At 45 days of age, no S. Enteritidis were detected in the internal organs, spleens or livers of the CEM-treated birds, whilst the presence of S. Enteritidis was detected in 15.6% of the spleens or livers of the untreated challenged birds (P > 0.05). The CEM treatment was not able to prevent the colonisation of S. Enteritidis organisms in the caeca: 25% of caeca were colonised in comparison to 59.4% of caeca in the untreated challenged birds (P< 0.05).
Conclusion
The predominant signs described in the eleven broiler flocks associated with a high average mortality of 4% between 8 and 15 days of age, and the high recovery of S. Enteritidis organisms from the internal organs (Table I) were indicative of the invasive nature of such organisms, resulting in severe salmonellosis. Previous surveillance of the occurrence of salmonellosis between 1992 and 1996 succeeded in recovering S. Enteritidis organisms only from commercial layers in the Lebanon (5); thus, the data presented in this paper describe the emergence of S. Enteritidis outbreaks in broiler chickens in the Lebanon for the first time. This epidemiological information is becoming increasingly important during the new era of peace in the Middle East which has opened many borders for trade in poultry products among neighbouring countries, including Israel.
The presence of one plasmid (14.1 kb) in S. Enteritidis was associated with resistance to furaltadone (Table I) ; however, the presence of an additional ~ 50 kb plasmid increased the range of resistance to include gentamycin (Table I) . Thus, the resistance to gentamycin is probably mediated by the nucleotide sequence in the ~ 50 kb plasmid. Moreover, the addition of a third plasmid (1.8 kb) increased the resistance range more significantly to include colistine sulphatedoxycycline (Table I) . Thus, the resistance to colistine sulphate-doxycycline appears to be coded in the 1.8 kb plasmid. This concurs with work conducted by other research teams which has demonstrated that drug resistance is plasmid-mediated (24, 27) .
The recovered S. Enteritidis strains from birds were placed into three categories, based on drug resistance patterns (Table I ). The majority of the strains recovered from broilers and all strains recovered from oviducts of breeders fell into the Fur-Gm drug resistance category. All selected strains in this category possessed the same two plasmids, namely, the 14.1 kb and ~ 50 kb, leading to a 100% correlation between resistance pattern and plasmid profile. Such highly correlated epidemiological markers increased the confirmatory identity of the 'cause and effect' relationship, rendering the breeders the most likely source of transmission of S. Enteritidis organisms to offspring. However, additional molecular techniques are required for further confirmation. Reports from other parts of the world state that the occurrence of ovarian infection in some broiler breeders results in vertical transmission of S. Enteritidis organisms to their progeny (25) . In order to confirm such a finding, a more sophisticated phenotypic technique, namely, Western immunoblotting will be applied in the near future to the S. Enteritidis isolates in order to characterise the antigenic patterns.
Fourteen of the fifteen S. Enteritidis strains contained the HMW plasmid of ~50 kb (~38 MDa) ( Table I ). This ~50 kb HMW plasmid is associated with virulence in S. Enteritidis infections (20, 26, 37) . A plasmid of similar size was recently identified in most S. Enteritidis isolates of a variety of phage types recovered from poultry and poultry houses in many parts of the USA (9, 34) . In addition, the VA-HMW plasmids are present in S. Enteritidis organisms of phage type 4 (14) , recovered from chickens for the first time in the United Kingdom, resulting in severe damage to the British poultry industry and to serious outbreaks in the human population (6, 15) . Future investigation will reveal the relationship between 5. Enteritidis isolates recovered from the population in the Lebanon and those identified in chickens.
The CEM treatment of day-old broilers resulted in reduced mortality in comparison to untreated birds challenged at three days of age (Table II) 
Resumen
Los autores investigan la aparición de los primeros brotes de Salmonella Enteritidis entre pollos del Líbano, determinan los marcadores epidemiológicos de algunas de las cepas Enteritidis aisladas y evalúan un procedimiento de exclusión competitiva para luchar contra la infección de pollos asaderos por microorganismos Enteritidis provistos de los marcadores predominantes identificados. El procedimiento básico utilizado en la investigación consistió en registrar las lesiones y los signos clínicos presentes en once bandadas de pollos asaderos de otras tantas granjas, y en cultivar después muestras de hígado, bazo e intestino ciego de diez aves por bandada seleccionadas al azar, aplicando a dichas muestras pruebas de aislamiento de Salmonella y de tipificación serológica. Se intentó además el cultivo de Salmonella y la tipificación serológica a partir de muestras de hígado, bazo, ciego e hisopos de oviducto de diez gallinas (de cuatro bandadas reproductoras de pollos asaderos) que habían puesto los huevos de procedencia de los pollos analizados. Para identificar marcadores epidemiológicos se procedió a determinar los patrones de resistencia a medicamentos y los perfiles plasmídicos de las salmonelas aisladas. La evaluación del método de exclusión competitiva se llevó a cabo rociando con microflora la incubadora de los polluelos de un día de edad, y procediendo después a la inoculación oral controlada de polluelos de tres días de edad, a razón de 2,85 x 10 5 unidades formadoras de colonias de S. Enteritidis por individuo. Para evaluar el grado de exclusión se cultivaron hisopos anales y muestras de bazo, hígado e intestino ciego de cada individuo inoculado, comparando a continuación la presencia de 5. Enteritidis en aves tratadas con microflora y en aves no tratadas.
En once granjas, a partir de los órganos de pollos asaderos que presentaban lesiones y signos típicos de la salmonelosis se obtuvieron 112 cepas invasivas de S. Enteritidis. El rasgo de resistencia a medicamentos predominante entre dichas cepas era la resistencia a la furaltadona y la gentamicina, marcador observado en 93 de las cepas (un 83%) y presente en nueve de las once granjas. El mismo patrón de resistencia se observó en las cepas aisladas en las aves reproductoras de una de las cuatro granjas. El perfil plasmídico predominante en nueve microorganismos de S. Enteritidis, seleccionados al azar a partir de un conjunto de 93 cepas (un microorganismo por cada una de las nueve granjas de pollos asaderos), era de 14,1 kilobases (kb) y ~ 50,0 kb, patrón típico y observado en las S. Enteritidis presentes en el oviducto de las gallinas de una de las cuatro granjas de reproducción. La exclusión redujo significativamente la mortalidad acumulada en aves de hasta 45 días de edad, en una proporción del 3,93% con respecto a la mortalidad de las aves no tratadas y sometidas a la inoculación de prueba (P<0,05). A los 45 días de edad, la exclusión competitiva reducía la tasa porcentual de infección por S. Enteritidis de un 15,6% en hígado y bazo, y de un 34,4% en el caso del intestino ciego (P<0,05).
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